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Simple Summary: Colorectal carcinomas from patients with Lynch syndrome (LS) due to EPCAM
deletions show loss of MSH2 expression. The aim of our study was to evaluate the usefulness of
EPCAM expression in identifying carriers of EPCAM deletion among patients with MSH2-negative
lesions. MSH2 and EPCAM immunohistochemistry was performed in a large series of lesions (190)
composed of malignant and benign neoplasms as well as precursor lesions of different organs from
71 patients with suspected LS due to MSH2 alterations. Germ-line analysis confirmed LS in 68 patients
due to MSH2 mutations (53) and EPCAM deletions (15). Among colorectal lesions with lack of
MSH2 expression, only 17 were EPCAM-negative and belonged to patients with EPCAM deletions.
We confirm that loss of EPCAM expression identifies EPCAM deletion carriers with 100% specificity
and we recommend adding EPCAM IHC to the algorithm of MSH2-negative colorectal neoplasia.
Abstract: The use of epithelial cell adhesion molecule (EPCAM) immunohistochemistry (IHC) is not
included in the colorectal cancer (CRC) screening algorithm to detect Lynch syndrome (LS) patients.
The aim of the present study was to demonstrate that EPCAM IHC is a useful tool to guide the LS
germ-line analysis when a loss of MSH2 expression was present. We retrospectively studied MSH2
and EPCAM IHC in a large series of 190 lesions composed of malignant neoplasms (102), precursor
lesions of gastrointestinal (71) and extra-gastrointestinal origin (9), and benign neoplasms (8) from
different organs of 71 patients suspicious of being LS due to MSH2 alterations. LS was confirmed in
68 patients, 53 with MSH2 mutations and 15 with EPCAM 3′-end deletions. Tissue microarrays were
constructed with human normal tissues and their malignant counterparts to assist in the evaluation of
EPCAM staining. Among 154 MSH2-negative lesions, 17 were EPCAM-negative, including 10 CRC
and 7 colorectal polyps, and 5 of them showed only isolated negative glands. All lesions showing a
lack of EPCAM expression belonged to patients with EPCAM 3′-end deletions. EPCAM IHC is a
useful screening tool, with 100% specificity to identify LS patients due to EPCAM 3′-end deletions in
MSH2-negative CRC and MSH2-negative colorectal polyps.
Keywords: lynch syndrome; EPCAM; immunohistochemistry; colorectal cancer; colon polyps
1. Introduction
Lynch syndrome (LS) is an inherited cancer predisposition syndrome caused by the alteration of
mismatch repair (MMR) system genes [1,2]. Colorectal cancer (CRC) is the most frequent neoplasm
in these patients, although the tumor spectrum varies according to the affected gene. Currently,
universal screening is recommended in all new diagnosed CRC to rule out LS, mostly based on
the immunohistochemical (IHC) expression of MMR gene proteins but, also, by PCR detection
of microsatellite instability (MSI) [3]. Only 2% to 3% of all LS cases are due to deletions of the
3′-end of the epithelial cell adhesion molecule (EPCAM) gene and present almost exclusively with
gastrointestinal (GI) tumors, predominantly CRC [4–7]. The EPCAM gene, located at chromosome
2q, consists of nine exons and is placed just before the MSH2 gene. The lack of the 3′-end of EPCAM
produces hypermethylation of the contiguous MSH2 gene promoter, which is silenced [8,9]. In this
situation, a concomitant lack of both MSH2 and EPCAM protein expressions occur in CRC, which
specifically identifies EPCAM 3′-end deletion carriers [10–15]. In some cases, the EPCAM 3′-end
deletion may extend to the first MSH2 exons of the 5′ end, including the promotor region, with no
MSH2 hypermethylation. This double-EPCAM-MSH2 deletion occurs with extra-GI neoplasms, mostly
endometrial carcinoma [16,17]. Since the LS tumor spectrum is variable according to the involved gene,
it is crucial to know the specific germ-line alteration to establish individual surveillance protocols.
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In previous studies, we showed the convenience of adding EPCAM staining in the IHC algorithm
approach for the screening of LS in CRC [12,13]. In a small series of 14 cases, we described that
the complete loss of EPCAM expression in MSH2-negative CRC identified EPCAM 3′-end deletion
carriers with 100% specificity. However, the limited sample size and the absence of additional results
supporting these findings has prevented us from recommending the use of EPCAM IHC in daily
clinical practice [18]. In this retrospective multicenter study, we increased the number of colonic cases.
In addition, with the aim of knowing if the complete loss of EPCAM occurs in other tumors of the
LS spectrum, we evaluated MSH2 and EPCAM expressions in a large series of malignant neoplasms,
premalignant lesions of GI and extra-GI origin, and benign neoplasms located in different organs
from patients with lack of MSH2 expression, in which we were able to perform a complete germ-line
analysis. In addition, to extend the current knowledge of EPCAM expression, we evaluated the
EPCAM expression by IHC in two tissue microarrays (TMAs), one constructed with normal tissues
and the other with their malignant counterparts.
2. Results
2.1. Immunohistochemical Staining
One hundred and fifty-four (154/187; 82.3%) cases showed a loss of nuclear staining for MSH2,
and the remaining 33 cases (33/187; 17.7%) were positive.
Only thirty-three (33/187; 17.7%) cases were EPCAM-negative, 17 (17/187; 9.1%) informative, and
16 (16/187; 8.5%) noninformative. The clinicopathological features of all series are detailed in Table S1.
2.1.1. Malignant Neoplasms
Ninety-four (94/99; 95%) malignant neoplasms were MSH2-negative (Figure 1), and only five
(5/99; 5%) were MSH2-positive (Table 1).
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Figure 1. MSH2 and epithelial cell adhesion molecule (EPCAM) expressions in colorectal cancer 
(CRC) from EPCAM deletion carriers. (a) Loss of MSH2 expression in colorectal adenocarcinoma, 
mucinous type. (b) The same adenocarcinoma with a loss of EPCAM expression. Staining of normal 
colonic glands served as the internal positive control. 
Two MSH2-negative malignant neoplasms showed also cytoplasmic staining, a mixed 
mucinous, and medullary carcinoma from the right colon and a poorly differentiated gastric 
carcinoma infiltrating the liver and the pancreas at diagnosis, both from patients of the same family 
with EPCAM-MSH2 deletions (Figure 2). 
Figure 1. MSH2 and epithelial cell adhesion molecule (EPCAM) expressions in colorectal cancer (CRC)
from EPCAM deletion carriers. (a) Loss of MSH2 expression in colorectal adenocarcinoma, mucinous
type. (b) The same adenocarcinoma with a loss of EPCAM expression. Staining of normal colonic
glands served as the internal positive control.
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Stomach 1 0 0 0 1
Duodenum 2 0 0 0 2
Colon, unknown 20 0 4 0 16
Right colon 24 0 5 0 19
Left colon 8 0 1 0 7
Rectum 6 0 0 0 6
Pancreas 1 0 0 0 1
Endometrium 15 2 0 0 17
Skin 6 0 0 6 0
Urinary bladder 3 2 0 0 5
Ovary 2 0 0 0 2
Lip 1 0 0 1 0
Breast 0 1 0 1 0
Adrenal gland 1 0 0 1 0
Renal Pelvis 1 0 0 0 1
Ureter 1 0 0 0 1
Prostate 1 0 0 0 1
Unknown 1 0 0 0 1
94 5 99 10 9 80 99
Mutated gene 0.62 0.003
EPCAM 21 0 10 11
EPCAM-MSH2 2 0 0 2
MSH2 69 5 9 65
Unknown 2 0 0 2
94 5 99 19 80 99
Abbreviations: −, negative; +, positive; I, informative; NI, noninformative; and GI, gastrointestinal.
Among the 99 malignant neoplasms, only 19 (19/99; 19.2%) showed a complete loss of EPCAM
expression (Figure 1), and 10 (10/99; 10.1%) were informative and corresponded to CRC, all belonging to
patients with EPCAM 3′-end deletions. The remaining nine (9/99; 9.1%) were considered noninformative.
Of them, eight originated in tissues where EPCAM is not constitutively expressed, such as the squamous
epithelia and the adrenal gland. The breast EPCAM-negative carcinoma was considered noninformative
due to the inconsistent expression of EPCAM in this type of cancer (Table 1).
The distribution of both MSH2 and EPCAM expressions in malignant neoplasms showed statistical
significance. However, only the expression of EPCAM had a relation of significance with the mutated
genes (Table 1).
Two MSH2-negative malignant neoplasms showed also cytoplasmic staining, a mixed mucinous,
and medullary carcinoma from the right colon and a poorly differentiated gastric carcinoma infiltrating
the liver and the pancreas at diagnosis, both from patients of the same family with EPCAM-MSH2
deletions (Figure 2).
2.1.2. Precursor Lesions of GI Origin (Colorectal Polyps)
MSH2 expression was lost in 46 (46/71; 64.8%) colorectal polyps (Table 2). Distribution according
to size, histology, and grade of dysplasia were significant. The majority of MSH2-negative colorectal
polyps were tubulovillous adenoma (TVA) (100%) and traditional serrated adenoma (TSA) (100%),
larger than 5 mm (33/46; 71.7%) and with high-grade dysplasia (HGD) (26/46; 56.5%).
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Figure 2. MSH2 cytoplasmic expression. (a) MSH2 cytoplasmic expression in both normal epithelial 
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neoplastic cells. Lymphocytes in between the tumor cells showed nuclear staining and served as the 
internal positive control. (b) Loss of EPCAM expression in the tumor cells with normal colonic glands 
retaining the staining. (c) H&E staining of poorly differentiated gastric carcinoma displaying a 
cohesive solid pattern. (d) MSH2 staining yields a cytoplasmic expression in some of the tumor cells. 
2.1.2. Precursor Lesions of GI Origin (Colorectal Polyps) 
MSH2 expression was lost in 46 (46/71; 64.8%) colorectal polyps (Table 2). Distribution according 
to size, histology, and grade of dysplasia were significant. The majority of MSH2-negative colorectal 
polyps were tubulovillous adenoma (TVA) (100%) and traditional serrated adenoma (TSA) (100%), 
larger than 5 mm (33/46; 71.7%) and with high-grade dysplasia (HGD) (26/46; 56.5%). 
A complete loss of EPCAM expression was observed in two colorectal polyps, while in the other 
five, the staining was lost only in isolated glands (Figure 3). All these lesions belonged to patients 
with EPCAM or EPCAM-MSH2 deletions with statistical significance (Table 2). Clinicopathological 
features of the colorectal polyps are summarized in Table S2. 
The relation between the mutated genes and the loss of expression of both MSH2 and EPCAM 
in colorectal polyps was significant. 







− + Total − + Total 
   I NI   
   CL FL    
Location     0.178     0.08 
Right colon 21 16   1 0 0 36   
Left colon and rectum 17 8   1 4 0 20   
Unknown 8 1   0 1 0 8   
 46 25 71  2 5 0 64 71  
Size (mm)    0.020     0.597 
≤5 14 16   0 2 0 28   
6-10 21 7   1 3 0 24   
≥11 11 2   1 0 0 12   
 46 25 71  2 5 0 64 71  
Histology    0.018     0.766 
TA 25 10   1 2 0 32   
Figure 2. S 2 cytoplas ic expression. (a) S 2 cytoplas ic expression in both nor al epithelial
glands and in edullary colorectal cancer cells. otice the lack of nuclear S 2 expression in
neoplastic cells. Ly phocytes in between the tu or cells showed nuclear staining and served as the
internal positive control. (b) Loss of EPCA expression in the tumor cells with normal colonic glands
retaining the staining. (c) H&E staining of poorly differentiated gastric carcinoma displaying a cohesive
solid pattern. (d) MSH2 staining yields a cytoplasmic expression in some of the tumor cells.
A complete loss of EPCAM expression was observed in two colorectal polyps, while in the other
five, the staining was lost only in isolated glands (Figure 3). All these lesions belonged to patients with
EPCAM or EPCAM-MSH2 deletions with statistical significance (Table 2). Clinicopathological features
of the colorectal polyps are summarized in Table S2.
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Figure 3. MSH2 and EPCAM expression in colorectal polyps from EPCAM deletion carriers. (a,c) Loss 
of MSH2 expression in colon adenomas. (b,d) Loss of EPCAM immunostaining only in isolated 
glands. Staining of normal colonic glands served as the internal positive control in (a,b), and (d). 
Lymphocytes cells were the internal positive control in (c). 
2.1.3. Precursor Lesions of Extra-GI Origin and Benign Neoplasms 
Among nine precursor lesions, six (66.7%) were MSH2-negative endometrial hyperplasias. The 
three (33.3%) remaining were MSH2-positive, corresponding to two high squamous intraepithelial 
lesions (HSIL) and one ductal carcinoma in situ (DCIS) of the breast. All eight (100%) benign skin 
lesions were MSH2-negative (Table 3). 
The 11 cases EPCAM-negative with MSH2 expression were considered noninformative: in the 
skin lesions and cervical HSIL, because there was no EPCAM staining in the normal squamous 
epithelia, and in the other of the breast because of the inconsistent expression of EPCAM in the breast 
tumor cells. The six endometrial hyperplasias maintained the expression of EPCAM (Table 3). 
There was a significant association between the expression of MSH2 with the location and 
histology of the lesions. No statistical analysis was calculated for the EPCAM expression due to the 
negative EPCAM results being considered noninformative. 
Figure 3. MSH2 and EPCAM expression in colorectal polyps from EPCAM deletion carriers. (a,c) Loss
of MSH2 expression in colon adenomas. (b,d) Loss of EPCAM immunostaining only in isolated glands.
Staining of normal colonic glands served as the internal positive control in (a,b), and (d). Lymphocytes
cells were the internal positive control in (c).
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Right colon 21 16 1 0 0 36
Left colon and rectum 17 8 1 4 0 20
Unknown 8 1 0 1 0 8
46 25 71 2 5 0 64 71
Size (mm) 0.020 0.597
≤5 14 16 0 2 0 28
6-10 21 7 1 3 0 24
≥11 11 2 1 0 0 12
46 25 71 2 5 0 64 71
Histology 0.018 0.766
TA 25 10 1 2 0 32
TVA 2 0 0 0 0 2
HP 0 4 0 0 0 4
SSL 15 11 1 2 0 23
TSA 4 0 0 1 0 3
46 25 71 2 5 0 64 71
Dysplasia 0.000 0.086
WD 1 9 0 0 0 10
LGD 19 9 0 1 0 27
HGD 26 7 2 4 0 27
46 25 71 2 5 0 64 71
Mutated gene 0.042 0.000
EPCAM 13 2 1 4 0 10
EPCAM-MSH2 3 0 1 1 0 1
MSH2 30 23 0 0 0 53
46 25 71 2 5 0 64 71
Abbreviations: −, negative; +, positive; I, informative; NI, noninformative; CL, complete loss; FL, focal loss; TA,
tubular adenoma; TVA, tubulovillous adenoma; HP, hyperplastic polyp; SSL, sessile serrated lesion; TSA, traditional
serrated adenoma; WD, without dysplasia; LGD, low-grade dysplasia; and HGD, high-grade dysplasia.
The relation between the mutated genes and the loss of expression of both MSH2 and EPCAM in
colorectal polyps was significant.
2.1.3. Precursor Lesions of Extra-GI Origin and Benign Neoplasms
Among nine precursor lesions, six (66.7%) were MSH2-negative endometrial hyperplasias.
The three (33.3%) remaining were MSH2-positive, corresponding to two high squamous intraepithelial
lesions (HSIL) and one ductal carcinoma in situ (DCIS) of the breast. All eight (100%) benign skin
lesions were MSH2-negative (Table 3).
The 11 cases EPCAM-negative with MSH2 expression were considered noninformative: in the skin
lesions and cervical HSIL, because there was no EPCAM staining in the normal squamous epithelia,
and in the other of the breast because of the inconsistent expression of EPCAM in the breast tumor
cells. The six endometrial hyperplasias maintained the expression of EPCAM (Table 3).
There was a significant association between the expression of MSH2 with the location and histology
of the lesions. No statistical analysis was calculated for the EPCAM expression due to the negative
EPCAM results being considered noninformative.
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Table 3. Clinicopathological features of precursor lesions of extra-GI origin and benign neoplasms




p-Value− + Total − + Total
I NI
Lesion
Benign 8 0 0 8 0
Precursor extra GI 6 3 0 3 6
14 3 17 0 11 6 17
Location 0.000
Skin 8 0 0 8 0
Breast 0 1 0 1 0
Cervix 0 2 0 2 0
Endometrium 6 0 0 0 6
14 3 17 0 11 6 17
Histology 0.004
Sebaceoma 3 0 0 3 0
Sebaceous adenoma 5 0 0 5 0
DCIS 0 1 0 1 0
HSIL 0 2 0 2 0
SH 2 0 0 0 2
CH 4 0 0 0 4
14 3 17 0 11 6 17
Mutated gene 0.22
MSH2 14 1 0 9 6
EPCAM 0 2 0 2 0
14 3 17 0 11 6 17
Abbreviations: −, negative; +, positive; I, informative; NI, noninformative; DCIS, ductal carcinoma in situ; HSIL,
high squamous intraepithelial lesion; SH, simplex hyperplasia; and CH, complex hyperplasia.
2.1.4. Relation between MSH2 and EPCAM Immunostaining
The 154 MSH2-negative lesions corresponded to 121 EPCAM-positive (45 precursor lesions and
76 malignant neoplasms) and 33 EPCAM-negative; 17 from the colon were considered informative,
and the other 16 cases (14 from the skin, 1 from the lip, and 1 adrenal carcinoma) were considered
noninformative due to the lack of EPCAM staining in the normal tissue counterparts.
All 17 cases with a lack of staining of both MSH2 and EPCAM, which were informative, belonged
to patients with EPCAM or EPCAM-MSH2 deletions.
Among the 33 lesions with MSH2 expression, 29 were also EPCAM-positive (25 colorectal polyps
and 4 carcinomas, 2 urothelial from the urinary bladder and 2 from the endometrium), and four were
noninformative EPCAM-negative (two HSIL from the cervix and two lesions from the breast) (Table 4).






- 33 121 154
0 4
+ 4 29 33
Total 37 150 187
Abbreviations: −, negative; +, positive; I, informative; and NI, noninformative.
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The relation between the MSH2 and EPCAM expressions was not statistically significant in all
lesions (Table 4).
When we only analyzed the distribution of both the MSH2 and EPCAM expressions in the
43 lesions belonging to EPCAM 3′-end deletion carriers, only MSH2 was efficient at detecting these
patients and showed a statistically significant relation (Table 5).
Table 5. Distribution of MSH2 and EPCAM expressions in lesions from EPCAM 3′-end deletion carriers.









Malignant neoplasms 23 0 10 0 0 13
Colorectal polyps 16 2 2 5 0 11
Precursor lesions extra-GI origin 0 2 0 0 2 0
39 4 43 12 5 2 24 43
Abbreviations: −, negative; +, positive; I, informative; NI, noninformative; CL, complete loss; and FL, focal loss.
* EPCAM p-value was calculated on 41 cases, because noninformative cervical lesions were eliminated.
2.2. EPCAM Immunostaining in TMAs
2.2.1. Normal Tissues
EPCAM was strongly expressed in the normal GI epithelia of the small bowel, colon, biliary tract,
and in acinar pancreatic cells. EPCAM was also expressed in thyroid and parathyroid cells, endometrial
and endocervical glands, the parotid, seminal vesicle epithelium, prostate and mammary epithelium,
and in part of the epithelial cells of the kidney nephron (Table 6 and Figure 4). Lymphocytes, the central
nervous system (CNS), and cells from soft tissues were EPCAM-negative.Cancers 2020, 12, x FOR PEER REVIEW 10 of 21 
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(k) endometrium, (l) teste, (m) kidney, (n) prostate, and (o) seminal vesicle. 
2.2.2. Tumor Tissues 
The strongest EPCAM expression was seen in adenocarcinomas from the GI tract, i.e., small 
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i r . st i i r ssi i s r l r l tiss s. ( ) s s, ( ) st c ,
(c) s all el, ( ) c l , (e) a creas, (f) li er, ( ) ar ti , ( ) t r i , (i) arat r i , (j) e cer ix,
( ) en o etri , (l) teste, ( ) ki ney, (n) prostate, and (o) seminal vesicle.
Cancers 2020, 12, 2803 9 of 20
Table 6. EPCAM expression in tissue microarray samples.
Normal Tissues EPCAM Expression Tumor Tissues EPCAM Expression
1 Parotid
+ weak 1 Pleomorphic adenoma −
2 Myoepithelioma −
3 Mucoepidermoid carcinoma +
2 Thyroid + 4 Papillary carcinoma +
5 Follicular adenoma +
6 Medullary carcinoma −
3 Parathyroid + 7 Parathyroid adenoma +
4 Lung # − 8 Squamous cell lung carcinoma +
9 Lung adenocarcinoma +
10 Bronchial-alveolar carcinoma +
11 Lung neuroendocrine carcinoma +
5 Lymph node − 12 Large cell diffuse B-cell lymphoma −
13 Chronic lymphocytic leukemia −
14 Follicular lymphoma −
15 Mantle lymphoma −
16 Peripheral T lymphoma −
17 T angioimmunoblastic lymphoma −
6 Thymus − 18 Thymoma −
7 Esophagus − 19 Squamous cell esophageal carcinoma −
8 Stomach α − 20 Intestinal gastric adenocarcinoma +
21 Diffuse gastric adenocarcinoma +
9 Small bowel + 22 Carcinoma +
10 Colon + 23 Colon adenocarcinoma +
11 Liver β − 24 Hepatic adenoma −
25 Hepatocellular carcinoma −
26 Cholangiocarcinoma +
12 Pancreas δ + 27 Pancreatic ductal adenocarcinoma +
28 Neuroendocrine carcinoma +
13 Kidney ε + 29 Renal clear cell carcinoma + weak
30 Chromophobe renal cell carcinoma +
31 Kidney oncocytoma −
14 Adrenal gland − 32 Adrenal adenoma −
33 Adrenal carcinoma −
34 Pheochromocytoma −
15 Prostate + 35 Prostate adenocarcinoma +
16 Testis − 36 Testicular seminoma +
37 Testicular yolk sac carcinoma +
38 Testicular embryonic carcinoma +
17 Endometrium + 39 Endometrioid carcinoma +
18 Endocervix + 40 Squamous cell carcinoma of cervix −
19 Ovary - 41 Serous papillary carcinoma +
42 Clear cell carcinoma +
20 Urinary bladder − 43 Low-grade urothelial carcinoma + weak
44 High-grade urothelial carcinoma + weak
21 Breast + 45 Fibroadenoma +
46 Ductal carcinoma + weak
47 Lobular carcinoma + weak
22 Skin − 48 Skin melanoma −
49 Merkel cell carcinoma −
50 Kaposi’s sarcoma −
23 Skeletal muscle 51 Rhabdomyosarcoma −
24 Smooth muscle 52 Leiomyoma −
53 Leiomyosarcoma −
Others Others
25 White matter − 54 Malignant mesothelioma −
26 Gray matter − 55 Pituitary adenoma −
27 Cerebellum − 56 Synovial sarcoma −




32 Adipose tissue −
33 Seminal vesicle +
34 Aorta −
Abbreviations: #, alveoli and bronchial epithelium; α, foveolar epithelium; β, negative hepatocytes and positive
biliary epithelium; δ, acinar cells; and ε, focal positivity in part of the nephron.
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2.2.2. Tumor Tissues
The strongest EPCAM expression was seen in adenocarcinomas from the GI tract, i.e., small
bowel, colon, pancreas, and cholangiocarcinomas but, also, in intestinal and diffuse gastric carcinomas,
although gastric foveolar epithelium was EPCAM-negative. Endometrioid carcinoma from the
endometrium and serous papillary and clear cell carcinomas from the ovary showed also strong
EPCAM expressions. Neoplasms from the thyroid and parathyroid glands, squamous carcinoma,
and adenocarcinomas from the lungs were EPCAM-positive. In the kidney, chromophobe carcinoma
showed strong EPCAM expression, while clear cell renal cell carcinoma showed a weak staining.
Prostate carcinoma, seminoma, yolk sack, and embryonic carcinomas from the testes showed partial
positive staining. Low- and high-grade urothelial carcinomas displayed weak staining. Breast
carcinomas showed partial staining that was less intense in the lobular type.
In addition to epithelial neoplasms, neuroendocrine carcinomas from the lungs and pancreas
displayed EPCAM expression (Figure 5).
All tested lymphomas and tumors from the CNS and soft tissues were EPCAM-negative. All results
are summarized in Table 6.
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Figure 5. H&E staining and EPCAM expression in several tumor tissues. (a) Squamous lung carcinoma,
(b) lung adenocarcinoma, (c) neuroendocrine lung carcinoma, (d) parathyroid adenoma, (e) thyroid
adenoma, and (f) papillary thyroid carcinoma.
2.3. Germ-Line Analysis
LS was confirmed in 68 patients, 53 with pathogenic variants in MSH2 gene, 13 with deletion
of exons 8 and 9 of EPCAM from five families, and 2 with EPCAM-MS 2 deletions from one family.
One patient (#6 ) was a carrier of a variant of unknown significance in the MSH2 gene and in another
two (#70 and #71), no mut tions were found (Table S1).
2.4. Distribution of MSH2 and EPCAM Expression According to Germ-Line-Mutated Genes
2.4.1. MSH2 and EPCAM Expression in Lesions from All Patients
MSH2 was positive in 29 (29/142; 20.4%) of 142 lesions from patients with MSH2 pathogenic
variants. The relation between the expression of MSH2 and the mutated genes was not significant
(Table 7).
Th 17 (17/43; 39.5%) informative EPCAM-negative lesions belonged to patients with
EPCAM-3′-end deletions. None of the 124 cases with MSH2 patho enic v ria ts showed a loss
of EPCAM expression. The association bet een the ex ression of EPCAM and the mutated genes was
statistically significant (Table 7).
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Table 7. Distribution of MSH2 and EPCAM expressions according to the germ-line mutated genes in





p-Value- + Total − + Total
I NI
0.311 0.000 *
EPCAM 34 4 38 15 2 21 38
EPCAM-MSH2 5 0 5 2 0 3 5
MSH2 113 29 142 0 18 124 142
Unknown 2 0 2 0 0 2 2
154 33 187 17 20 150 187
Abbreviations: −, negative; +, positive; I, informative; and NI, noninformative. * EPCAM p-value was calculated on
167 cases, because noninformative lesions were eliminated.
The sensitivity of the loss of MSH2 expression to identify EPCAM-3′ deletion carriers was 90.6%
(34 + 5/[34 + 5) + 4] ×100), while the specificity was 20.4% (29/(29 + 113) ×100). On the contrary, the
sensitivity of the loss of EPCAM expression to identify EPCAM-3′ deletion carriers was 41.4% (15 +
2/[(15 + 2) + (21 + 3)] ×100), while the specificity reached 100% (124/(124 + 0) ×100).
2.4.2. MSH2 and EPCAM Expression in Lesions from EPCAM-3′-End Deletion Carriers
Thirty-nine (39/43; 90.6%) of the 43 lesions from patients with EPCAM-3′-end deletions were
MSH2-negative. The expression of MSH2 was efficient in detecting lesions from patients with both
EPCAM and EPCAM-MSH2 pathogenic variants with statistical significance (Table 8).
Table 8. Distribution of MSH2 and EPCAM expressions in lesions from EPCAM3′-end deletion carriers.











Stomach 1 0 0 0 0 1
Duodenum 1 0 0 0 0 1
Colon and rectum 19 0 10 0 0 9
Endometrium 1 0 0 0 0 1
Ovary 1 0 0 0 0 1
23 0 23 10 0 0 13 23
Colorectal polyps
Histology
TA 6 0 1 2 0 3
TVA 1 0 0 0 0 1
HP 0 2 0 0 0 2
SSL 7 0 1 2 0 4
TSA 2 0 0 1 0 1
16 2 18 2 5 0 11 18
Precursor lesions extra-GI origin
Location
Cervix 0 2 2 0 0 2 0 2
43 43
Mutated gene 0.598 0.665 *
EPCAM 34 4 15 0 0 21
EPCAM-MSH2 5 0 2 0 0 3
39 4 43 17 0 0 24 43
Abbreviations: −, negative; +, positive; I, informative; and NI, noninformative. * EPCAM p-value was calculated on
41 cases, because noninformative cervical lesions were eliminated.
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Of the 43 lesions from patients with EPCAM deletions, 17 (17/43; 39.5%) cases were informatively
EPCAM-negative: 7 colorectal polyps and 10 CRC. In all cases, EPCAM staining was present in adjacent
normal tissues. All lesions with an informative loss of EPCAM expression belonged to patients with
EPCAM (15/17) or EPCAM-MSH2 (2/17) deletions. In 20 cases (20/187; 10.7%), the lack of EPCAM
staining was considered noninformative. The expression of EPCAM was not efficient at detecting
lesions from patients with both EPCAM and EPCAM-MSH2 pathogenic variants. No statistical
association was found between the expression of EPCAM and the mutated genes (Table 8).
3. Discussion
EPCAM immunostaining is a very useful tool to guide the germ-line analysis of LS in
MSH2-negative colorectal malignant neoplasms and MSH2-negative colorectal polyps. Considering
that the LS tumor spectrum is different according to the involved gene, it is crucial to know the specific
germ-line alteration to establish individual surveillance protocols [19].
3.1. MSH2 Expression
A total of 68 out of 71 patients were carriers of pathogenic variants in EPCAM and/or MSH2 genes.
Thus, it was expected that all malignant neoplasms were MSH2-negative. However, six malignant
neoplasms displayed MSH2 expression, probably as a result of the activation of other carcinogenetic
pathways. MSH2 expression in one cervical precursor lesion and in one urothelial carcinoma of the
urinary bladder could be explained by the oncogenic role of human papillomavirus and tobacco as
potent carcinogens in the cervix and urothelial epithelium [20,21]. In the two endometrial MSH2-positive
cancers, the remaining MMR proteins were also expressed, although the PCR microsatellite instability
analysis results were unstable (data not shown), consistent with results previously reported [22,23].
In the two breast lesions, other carcinogenetic pathways different from the MMR system may be
activated [24].
3.1.1. MSH2 in Precursor Lesions of GI Origin (Colorectal Polyps)
We showed that 86% of colorectal polyps were MSH2-negative, adequate for the identification of
LS mutation carriers. Those deficient colorectal polyps presented more frequently in older patients
(≥60 years) were larger than 5 mm, with a histology of TSA and TVA, and were located in the left
colon and rectum and displayed HGD. Only size, histology, and dysplasia were statistically significant.
Our results support previous studies [25–36] and demonstrate that colorectal polyps are a valuable
sample that allows identifying LS mutation carriers when no carcinoma tumor sample is available,
especially if larger than 5 mm, in TVA or TSA with HGD.
3.1.2. Aberrant Cytoplasmic MSH2 Expression
In addition to the loss of nuclear MSH2 expression in malignant neoplasms, aberrant cytoplasmic
immunoreactivity was observed in a mixed mucinous and medullary CRC, the normal colonic mucosa
counterpart, and in a poorly differentiated gastric carcinoma from patients of family 5 (#12 and #13).
The study of large germ-line rearrangements in EPCAM of patient #12 showed a heterozygous deletion
of a region of 15 Kb, which included exons 8 and 9 of EPCAM, located 2.5-Kb upstream from the start
codon of MSH2. The analyzed CRC showed methylation of the promoter region of MSH2, which
would be induced by the large deletion of the EPCAM-intergenic region EPCAM-MSH2 and would
explain the absence of MSH2 protein expression. The same patient had uterine cancer, but a tumor
sample was not available. To our best knowledge, there were only two previous cases reported in the
literature with cytoplasmic MSH2 IHC patterns, both belonging to LS patients: a colon adenoma [37]
and a medullary CRC [38]. In the latter, the aberrant immunoreactivity in both colon cancer and normal
mucosa was explained by the existence of an EPCAM-MSH2 fusion transcript. In addition, the fusion
transcript should contain premature stop codons within MSH2, resulting in the lack of nuclear staining
in tumor cells [38].
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Although neoplasms from patients #12 and #13 shared the same pathogenic variant, they showed
different EPCAM expressions. Only the CRC from patient #12 had a biallelic EPCAM deletion
that correlated with the lack of expression (see below). Of interest, all cases described with MSH2
cytoplasmic staining and loss of nuclear staining were from the GI epithelia. Therefore, this IHC
pattern in an adenoma or CRC could be highly suggestive of a concomitant EPCAM deletion and a
useful feature to remember.
3.2. EPCAM Expression
3.2.1. EPCAM Tumor Spectrum
Homozygote mutation of EPCAM causes congenital tufting enteropathy, affecting the intestinal
epithelium with severe diarrhea in newborns [39,40]. Heterozygote deletions of the EPCAM 3′ end in
germ cells account for up to 2% to 3% LS cases [7,16] due to different mechanisms. One is the exclusive
deletion of the 3′ extreme of EPCAM. In the other, the EPCAM 3′-end deletion extends to the first exons
of the 5′ end of MSH2, including the promoter region. In each case, the tumor spectrum is different
and varies in relation to the size and location of the EPCAM 3′-end deleted fragment [16].
Lynch et al. and Grandval et al., using large families with EPCAM 3′-end deletions carriers,
described malignant neoplasms only from the GI tract, being CRC the most frequent [41,42]. Among
our eleven patients with EPCAM deletions in exon 9, only one presented a duodenal carcinoma, while
the remainder corresponded to CRC, corroborating these findings.
Kempers et al., analyzing 194 carriers with EPCAM 3′-end deletions, reported endometrial
carcinomas with a life risk of 12% (0–27) lower than obtained in MSH2 and MSH6 mutation carries (51%
(33–69) and 34% (20–48), respectively), although ascertainment bias led to an overestimation of cancer
risk in all the groups [16]. The authors correlated the type of neoplasm with the size and location of
the deleted region in the EPCAM gene. A higher risk of extra-GI tumors was observed in deletions that
extended close to the MSH2 promoter region [16]. Our study corroborates Kempers’ observations,
specifically patient #12 from family 5, the carrier of an EPCAM deletion of exons 8 and 9 extending very
close to the promotor region of MSH2, who presented both colorectal and endometrial carcinomas.
In our series, other gynecological neoplasms appeared in EPCAM-MSH2 deletions carries—mostly,
endometrial carcinoma—confirming the observations of previous studies [16,17]. However, as far as we
know, it is the first time that a clear cell ovarian carcinoma is reported in this subset of EPCAM-MSH2
LS patients.
Although it needs to be confirmed by larger collaboration studies, the low incidence of extra-GI
neoplasms in the spectrum of EPCAM LS tumors could be, in part, explained by the mechanism of
epigenetic MSH2 silencing. MSH2 inactivation is allele-specific and involves the allele segregating with
the EPCAM deletion. This explains why MSH2 methylation is restricted to EPCAM-positive normal
cells [8]. Therefore, the high expression of EPCAM in colonic stem cells justifies the high incidence
of CRC in patients with EPCAM 3′-end deletions. Surprisingly, despite the high EPCAM expression
in thyroid and neuroendocrine tissues, tumors from these origins are not present in EPCAM 3′-end
deletion carriers. These neoplasms are neither part of the LS tumor spectrum due to MSH2 alterations,
confirming the important role that MSH2 plays in tumor phenotypes of patients with EPCAM deletions.
3.2.2. EPCAM Expression in TMAs
The EPCAM protein is a transmembrane type I glycoprotein located in the basolateral membrane
of normal epithelial cells, except in hepatocytes, thymic cortical epithelial cells, squamous epithelia,
epidermal keratinocytes, gastric parietal cells, and myoepithelial cells [43]. Using TMAs constructed
with different normal and neoplastic tissues, we observed that EPCAM expression in neoplasms
reflected the expression of its normal counterpart. Thus, adenocarcinomas from the GI tract and
endometrium were strongly positive. Thyroid and neuroendocrine neoplasms also displayed EPCAM
expression, but squamous carcinoma, hepatocellular tumors, lymphomas, the CNS, and soft tissue
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tumors were EPCAM-negative. However, gastric and lung carcinomas showed EPCAM expression,
despite the lack of staining in normal gastric foveolar epithelium and lung parenchyma. Contrarily,
normal breast epithelium was EPCAM-positive, but the carcinomas displayed a focal and weak staining,
especially the lobular type, as reported by Spizzo et al. [44].
In view of these results, the loss of EPCAM expression in those neoplasms where EPCAM was
not expressed in their normal counterpart was considered noninformative. The lack of expression of
EPCAM in neoplasms from EPCAM 3′-end carriers will be more significant as the more intense and
robust the expression is in its normal tissue. Therefore, a negative EPCAM staining in renal, urothelial,
and breast cancers should be evaluated with caution, mostly in the presence of a concomitant negative
MSH2 staining.
3.2.3. EPCAM Expression in Malignant Neoplasms
EPCAM protein was expressed in adenocarcinomas of the GI tract, especially in CRC, where
it showed a diffuse and strong positivity. The fact that the absence of EPCAM expression identifies
patients with EPCAM 3′-end deletions has already been demonstrated [10,11]. In our series, CRC
was the most informative tumor, being the unique neoplasm that showed a complete loss of EPCAM
expression, identifying patients with EPCAM 3′-end deletions with 100% specificity and confirming our
previous results [12,13]. A partial loss of EPCAM staining in CRC was described in poorly differentiated
carcinomas and/or at the invasive tumor front as an independent poor prognostic factor in nondeficient
MMR CRC [15]. However, not all CRC from patients with EPCAM 3′-end deletions showed a lack
of EPCAM expression. Only when the second somatic hit affects the EPCAM gene, resulting in a
biallelic EPCAM 3′-end deletion, a lack of EPCAM expression will be observed [11]. This explains
why our patients #5 and #6 with synchronic CRCs displayed different EPCAM expression in their
carcinomas. The two gynecological MSH2-negative neoplasms in carriers with double-EPCAM-MSH2
deletions retained EPCAM staining, despite the intense EPCAM expression observed in the normal
endometrial mucosa. Further gynecological tumors from EPCAM 3′-end deletion carriers should be
tested to evaluate the usefulness of EPCAM IHC in endometrial carcinomas.
A complete loss of EPCAM expression strongly correlates with EPCAM biallelic 3′-end deletion
and MSH2 silencing only in those tissues where EPCAM is expressed in their normal counterparts.
3.2.4. EPCAM Expression in Precursor Lesions of GI Origin (Colorectal Polyps)
The use of colorectal polyps in LS screening is justified when no tumor tissue is available. In
this scenario, adding EPCAM IHC to MSH2-negative colorectal polyps provides useful information.
As Huth et al. described previously, a loss of EPCAM staining was observed in colorectal polyps from
EPCAM 3′-end deletion carriers [11]. In our series, five of seven colorectal polyps showed a lack of
EPCAM expression in isolated glands belonging to patients with both EPCAM 3′-end deletions and
combined EPCAM-MSH2 deletions. This feature was not observed in MSH2-negative colorectal polyps
from patients with other pathogenic variants. A focal loss of MMR protein in colonic adenomas of LS
patients is rare [37,45], and even more exceptional is to find deficient isolated colonic crypts [46,47].
However, a partial loss of EPCAM staining is frequent in EPCAM 3′-end deletion carriers and helps to
recognize this pathogenic variant.
Our study had some limitations, such as the low number of extra-GI primary neoplasms in
EPCAM deletion carriers, especially endometrial carcinoma, not allowing to know the usefulness of
EPCAM IHC in this type of carcinomas. We want to mention that, currently, new technologies such as
next-generation sequencing (NGS) make more accessible the diagnosis of LS. The germ-line analysis of
patients with MSH2-negative malignant neoplasms uses NGS and an exon-level array comparative
genomic hybridization–based or multiplex ligation-dependent probe amplification (MLPA)-based
deletion/duplication analysis of all exons and adjacent noncoding regions [48]. With this entire arsenal,
an EPCAM analysis is included guaranteeing the identification of alterations affecting this gene, which
could make less relevant the inclusion of EPCAM IHC in the screening algorithm. Nevertheless, an IHC
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analysis is cheap, fast, and well-incorporated in the daily practice routine of all pathology departments.
Adding EPCAM immunostaining to the IHC screening algorithm for LS patient detection when MSH2
is negative improves the results.
4. Materials and Methods
The present study aims to analyze the role of IHC staining of EPCAM in the screening algorithm
of LS.
For this purpose, we designed a retrospective and multicenter study with the participation of
several hospitals where IHC screening of LS in colorectal and endometrial carcinoma is routinely
performed in pathology departments. The participation of the Genetic Counseling Units helped to
identify lesions belonging to patients with LS due to pathogenic variants of EPCAM.
The study series consisted of malignant neoplasms, precursor lesions of gastrointestinal and extra
gastrointestinal origin, and benign neoplasms of various organs. The expression of MSH2 and EPCAM
was analyzed by IHC staining, and germ-line analysis was performed.
The results obtained were analyzed with statistical methods. We elaborated the conclusions with
the data obtained with statistical significance (p < 0.05).
4.1. Cases
In this multicenter and retrospective study, we collected a total of 190 lesions according to the
following inclusion criteria: (a) those with a lack of MSH2 expression belonging to patients in whom we
were able to perform a complete germ-line analysis for MSH2 gene alterations. In this way, we collected
the most of the malignant neoplasms from the files of the hospitals participating in the study. (b)
Lesions belonging to patients with LS due to EPCAM or MSH2 pathogenic variants from the files of
the Genetic Counseling Units. This way, it was possible to increase the number of lesions belonging to
carriers with pathogenic variants of EPCAM. The series was recruited from April 2018 to February 2019.
Patients were 43 (61%) females and 28 (39%) males, and ages ranged between 24 and 82 years
(median age 50.8 years). LS was confirmed in 68 patients: 15 had deletions affecting the 3′ end
of EPCAM; in 2 of them, the deletion also involved the 5′ end of MSH2 (EPCAM-MSH2 deletion);
53 patients had pathogenic mutations in the MSH2 gene, and 3 were LS-like patients: 1 with a variant
of unknown significance and 2 with no mutation found. CRC from family 1 were included in previous
reports [12,13].
Regarding location, 134 (70.6%) lesions developed in the GI tract (2 in the duodenum, 1 in the
stomach, 1 in the pancreas, 1 in the appendix, 60 in the right colon, 20 in the left colon, 19 in the rectum,
and 30 without specific location); 28 (14.8%) in the female reproductive system (2 in the cervix, 2 in the
ovary, and 24 in the endometrium); 14 (7.3%) in the skin and 1 (0.5%) in the lip; 7 (3.7%) in the urinary
tract (1 in the ureter, 1 in the renal pelvis, and 5 in the urinary bladder); 2 (1%) in the breast; 1 (0.5%) in
the prostate; and 1 (0.5%) in the adrenal gland. Only in 2 (1%) cases, the origin of the neoplasm was
unknown. In 3 cases, the tumor samples were not available.
Histologically, 8 (4.2%) lesions were benign, 9 (4.7%) were precursor lesions of extra-GI origin,
71 (37.3%) were precursor lesions of GI origin (colorectal polyps), and 102 (53.8%) malignant neoplasms.
Malignant neoplasms belonged to 64 patients: 37 (58%) females and 27 (42%) males, with a median
age at diagnosis of 48 years.
A total of 46 lesions belonging to 15 patients from 6 families with germ-line EPCAM 3′-end
deletions were described. Among malignant neoplasms, the majority were from the GI tract, especially
CRC, but also from the stomach, duodenum, and pancreas. There were 4 extra-GI neoplasms:
2 endometrial carcinomas, 1 clear cell carcinoma from the ovary, and 1 Hodgkin’s lymphoma.
There were 71 colorectal polyps from 27 patients: 15 females and 12 males from ages ranging 24
to 81 years (median age 53.1 years). Fifty-three colorectal polyps belonged to 20 patients with MSH2
pathogenic variants: 15 with EPCAM 3′-end deletions and 3 with EPCAM-MSH2 deletions. According
to location, 1 (1.4%) was in the appendix, 36 (50.7) in the right colon, 12 (16.9%) in the left colon,
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13 (18.3%) in the rectum, and in 9 (12.7%) cases, the exact location was unknown. Thirty (42.3%) polyps
were equal or smaller than 5 mm, 28 (39.4%) between 6 and 10 mm, and 13 (18.3%) equal or larger than
11 mm. Histologically, 4 (5.6%) were hyperplastic polyps (HP), 35 (49.3%) tubular adenomas (TA),
26 (36.6%) sessile serrated lesions (SSL), 4 (5.6%) TSA, and 2 (2.8%) TVA. Thirty-three (46.5%) polyps
showed HGD (14 TA, 13 SSL, 4 TSA, and 2 TVA) and 28 (39.4%) LGD. In the remaining 10 (14.1%),
no dysplasia was found (Table 2).
Informed consent was obtained from all patients included in the study. As a retrospective study,
if patients had died, consent was by death. The rest of the patients were contacted to obtain an informed
consent in accordance with the Ley 14/2007 de Investigación Biomédica (B.O.E. 159 4 July 2007). Some
patients signed an informed consent form that diagnostic surplus material could be used for research.
All patients signed an informed consent form for germ-line analysis. The study was approved by the
Institutional Ethics Committee for Clinical Research (CEIC) under code 2017/57-APA-HUGC.
4.2. Tissue Microarrays
We constructed 2 TMAs, one with a collection of 34 different normal tissues and the other with
57 distinct neoplastic tissues. Three cylindrical cores, each measuring 0.6 mm in diameter, were
obtained from every donor paraffin block using a tissue microarray workstation MTA-1 (Beecher
Instruments, Silver Spring, MD, USA). EPCAM expression was first independently evaluated by each
of the two authors (M.C. and E.M.) and then jointly reevaluated under a double-headed microscope
for final score agreement.
4.3. Immunohistochemistry
Formalin-fixed, paraffin-embedded tissue sections were analyzed using standard IHC techniques.
Immunostaining was performed automatically using a Ventana BenchMark ULTRA machine (Roche,
Basel, Switzerland). The mouse primary antibodies used were anti-hMSH2 (clone G219-1129, Ventana
Medical Systems, Inc., 1910 E. Innovation Park Drive, Tucson, AZ 85755, USA) and anti-EPCAM
antibody (clone Ber-EP4, Cell Marque Corporation, 6600 Sierra College Blvd., Rocklin, CA 95677,
USA). Positive staining for the anti-hMSH2 antibody was located in the nucleus of the neoplastic
cells. Nuclear immunoreaction in lymphocytes, normal colonic mucosa, or stromal cells served as
the internal anti-hMSH2 positive control. Loss of MSH2 staining was considered when the nuclei
of all neoplastic cells were negative. Positive staining for the anti-EPCAM antibody was located
in the membrane of the neoplastic epithelial cells. Membrane immunostaining in normal colonic
mucosa was used as the internal anti-EPCAM positive control. Complete loss of EPCAM staining was
only considered when the total of the neoplastic cells was completely negative. We considered it as
informative staining when the normal tissue was positive and as noninformative when the normal
counterpart was negative or when the staining in the tumor was not strong and homogeneous. MSH2
and EPCAM immunostaining were independently evaluated by two expert pathologists (M.C. and
E.M.). The slides were anonymized and were interpreted without knowing the germ-line results.
4.4. Germ-Line Mutations
Germ-line mutation studies were performed on genomic DNA isolated from peripheral blood
leucocytes in different laboratories using sequencing and MLPA techniques. MMR variant classification
was determined according to InSIGHT classification guidelines [49].
4.5. Statistical Analysis
Analysis was carried out using SSPS software version 15.0 (SPSS, Chicago, IL, USA). The χ2 test
was used to analyze the association between qualitative variables, followed by the Fisher’s exact
test and the Student’s t-test or the Mann-Whitney test for quantitative variables. A p < 0.05 was
considered significant.
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5. Conclusions
In summary, we demonstrate that EPCAM IHC is a useful tool that contributes to identify LS
patients with EPCAM 3′-end deletions in the screening of MSH2-negative CRC. Thus, we recommend
adding EPCAM IHC to the algorithm approach for LS identification in MSH2-negative CRC, where
the absence of EPCAM expression reaches 100% specificity.
In addition, the presence of isolated EPCAM-negative glands in MSH2-negative colorectal polyps
is a hallmark pattern that allows the identification of EPCAM 3′-end deletion carriers, demonstrating
its effectiveness when no tumor tissue is available.
Supplementary Materials: The following are available online at http://www.mdpi.com/2072-6694/12/10/2803/s1,
Table S1: Clinicopathological features and molecular alterations of all cases, Table S2: Clinicopathological features
and molecular alterations of colorectal polyps.
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